The chemical composition of six oil samples, isolated from aerial parts of Elsholtzia blanda, E. penduliflora and E. winitiana, harvested in two provinces of Vietnam, was investigated by GC, in combination with retention indices (RI), GC/MS and 13 C NMR spectroscopy. Linalool was the major component (75.2 and 56.8%) of the two samples of E. blanda essential oil, whereas the two oil samples from E. penduliflora were dominated by 1,8-cineole (62.7 and 65.5%). Conversely, the two oil samples of E. winitiana exhibited different compositions, rosefuran (56.0%) and dehydroelsholtzia ketone (22.8%) being the major components of one sample, whilst the second sample was dominated by elsholtzia ketone (87.5%).
The genus Elsholtzia Will. (Labiatae/Lamiaceae) comprises about 30 species, most of which are distributed in Asia (particularly in China), and a few in Africa and Europe [1] . Several Elsholtzia species produce an essential oil characterized by an important chemical variability [2] . In Vietnam, there are seven species of this genus. Amongst them, E. ciliata (Thunb.) Hyland is largely cultivated for spice and medicine in numerous regions from plains to mountains. This herb contains an essential oil dominated by citral [3] .
E. blanda Benth. is an herbaceous plant, 0.5-1 m high [1] . Aerial parts of this plant produce an essential oil which exhibits diverse chemical compositions: geranyl acetate only (71 and 75%) (India) [4, 5] , linalool (45%) and geranyl acetate (37%) Himalayan region) [6] , linalool (33-56%), 1,8-cineole (6-19%) , and acetophenone (2-10%) (China) [7] . Four compositions were observed for oils E. penduliflora W.W. Smith is an annual herbaceous plant, 1-2 m high [1] . Only one study has been reported for the chemical composition of the essential oil obtained from E. penduliflora, harvested in China [9] . This sample was characterized by a high content of 1,8-cineole (71.7%); the other important compounds were β-pinene (7.3%), α-pinene (3.9%), sabinene (2.8%) and limonene (2.4%).
E. winitiana
Craib is an herbaceous plant. To our knowledge, no previous work has been reported for the chemical composition of its essential oil, except for one study carried out in our laboratories, on the aerial part of this plant harvested in Vietnam [10] . This sample contained 1,8-cineole as the major component (65.6%); the other compounds present at appreciable levels were β-pinene (5%), p-cymene In total, 64 compounds were identified: 41 monoterpenes, 20 sesquiterpenes, 2 non terpenic acyclic compounds, and one phenyl ketone, accounting for 94.2 to 98.7% of the oils (Table 1) . Among them, 25 are hydrocarbons and 39 oxygenated compounds. These oils are characterized by a high content of oxygenated compounds.
Elsholtzia blanda:
The composition of sample Eb2 affords certain likeness with those of samples from China (linalool/1,8-cineole: 33-56%/6-19%), even though acetophenone, the third most important component in the Chinese samples, amounted to only 0.8% in our sample. Conversely, the chemical composition of sample Eb1 seems to be original, since linalool has never been reported at so high a content in the literature (up to 56%). These results confirm that E. blanda essential oil exhibits an important chemical variability, which is also observed within the Vietnamese samples.
Elsholtzia penduliflora:
The chemical composition of both samples of E. penduliflora (Ep1 and Ep2) is dominated by 1,8-cineole (62.7 and 65.5%, respectively). The other compounds amounted to less than 6% each; among them the most important are γ-terpinene (5.8 and 5.3%), β-pinene (5.6 and 5.8%), sabinene (3.2 and 3.3%), and p-cymene (3.1 and 3.8%). The composition of E. penduliflora essential oil from Vietnam is similar to that previously reported for one sample from China [9] , even though some differences concerning the minor compounds were observed.
Elsholtzia winitiana: Furanic compounds dominated the chemical composition of the essential oils of E. winitiana. However, the two samples exhibited different compositions, since elsholtzia ketone (87.5%) is the major components of sample Ew1, whereas sample Ew2 is characterized by the preeminence of rosefuran (56.0%). Dehydroelsholtzia ketone, the second component in Ew2 (22.8%), amounted only to 3.9% in Ew1. We also observed some differences concerning the minor components, particularly several monoterpenes, which were identified only in sample Ew2.
In conclusion, the three investigated Elsholtzia species growing wild in Vietnam produce essential oils that exhibit different compositions. They may be considered as promising sources of natural compounds (elsholtzia ketone, rosefuran, 1,8-cineole, linalool). 
Experimental

Isolation of essential oils:
All samples were subjected to water distillation for 2 h using a Clevenger-type apparatus. Voucher specimens of E. blanda, E. penduliflora and E. winitiana were deposited at the Herbarium of the Faculty of Pharmacy of Hanoi with numbers: 169 and 270; 265 and 278; and 158 and 271, respectively. The oil yields varied from 0.45-2.21% (w/w, dry material) (see Table I ).
GC analysis:
The GC analyses were carried out using a Perkin-Elmer Autosystem GC apparatus equipped with two flame ionization detectors, and fused-silica capillary columns (50 m x 0.22 mm, film thickness 0.25 µm), BP-1 (polydimethylsiloxane) and BP-20 (polyethylene glycol). Oven temperature was programmed from 60°C to 220°C at 2°C/min and then held isothermal (20 min); detector temperature, 250°C; injector temperature, 250°C (injection mode, split, 1/60); carrier gas, helium (0.8 mL/min). 
GC/MS analysis:
Samples were analyzed with a Perkin-Elmer TurboMass detector (quadrupole), directly coupled to a Perkin-Elmer Autosystem XL, equipped with fused-silica capillary columns (60 m x 0.22 mm, film thickness 0.25 µm), Rtx-1 (polydimethylsiloxane) and Rtx-Wax (polyethyleneglycol). Carrier gas, helium at 1 mL/min; split, 1/80; injection volume, 0.2 μL; injector temperature, 250°C; oven temperature programmed from 60°C to 230°C at 2°C/min and then held isothermal (45 min); detector temperature, 280°C. Ion source temperature, 150°C; energy ionisation, 70 eV; electron ionization mass spectra were acquired over the mass range 35-350 Da.
C NMR analysis:
13 C NMR spectra of the oils were recorded on a Bruker 400 Avance Fourier Transform spectrometer operating at 100.13 MHz for 13 C, equipped with a 5 mm probe, in CDCl 3 , with all shifts referred to internal TMS. 13 C NMR spectra were recorded with the following parameters: pulse width = 4µs (flip angle 45°); acquisition time = 2.7 s for 128K data table with a spectral width of 25 000 Hz (250 ppm); CPD mode decoupling; digital resolution = 0.183 Hz/pt. The number of accumulated scans was 5 000 for each sample (around 60 mg of the oil in 0.5 mL CDCl 3 ).
Identification of the components:
Identification of the components was based: (i) on their GC retention indices (RI) on polar and apolar columns, determined relative to the retention times of a series of n-alkanes with linear interpolation, with those of authentic compounds and literature data [14] ; (ii) on computer matching with commercial [15] [16] [17] and laboratorymade mass spectral libraries and by comparison of spectra with those of either our own library or literature data [14, 18, 19] and (iii) by 13 C NMR spectroscopy, following the methodology developed and computerised in our laboratories, using a homemade software and spectral data library [20] .
One oil sample (Ew1, E. winitiana) was largely dominated by a monoterpene (87.5%). Computer matching against mass spectra libraries suggested the structure of elsholtzia ketone for that compound, which had already been identified in the essential oils of E. splendens [22] and E. argyi [23] . The 1 H NMR spectrum was reported by Tsukasa [24] for a synthetized compound. Conversely, 13 C NMR spectroscopic data are not reported. With respect to the content of that compound in the oil sample, it was possible to record 1D and 2D-NMR spectra (HSQC) and consequently to assign the chemical shifts of all protons and carbons.
Dehydroelsholtzia ketone was proposed by the commercial MS library [15] and confirmed by comparison of the 13 C NMR spectroscopic data with those reported by Dembitskii et al for a compound isolated from the essential oil of Elsholtzia ciliata [21] .
Rosefuran was also proposed by the commercial library [15] . The 1 H NMR spectrum was reported by Tsukasa et al [25] , while the 13 C NMR spectroscopic data were not reported. The concentration of that compound in the oil sample Ew2 (56%) was sufficient to record the 1D-NMR spectra ( 1 H and 13 C), as well as the HSQC spectrum and hence to assign the chemical shifts of all carbons, taking into account the usual electronic and steric effects. 
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